Zootaxa 4455 (3): Abstract Several invertebrate surveys in Croatia conducted between 2005 and 2014 and including; e.g., Plitvice Lakes, produced 123 bycatch samples of Dolichopodidae (Diptera) from 68 sampling sites collected at 36 localities in seven counties. Seventy-seven were retrieved from emergence traps, six from pan traps and 40 were collected with sweep net and/or aspirator. They contained 420 dolichopodid flies that belonged to 64 species in 22 genera. Four species, Campsicnemus umbripennis, Hercostomus chetifer, Liancalus virens and Syntormon pallipes, accounted for over half of the yields. Contrary to most species that were found in largest numbers in rivers, and their beds in particular, S. pallipes and Hercostomus gracilis were considerably more abundant at springs. Fifty-five species could be added to the national checklist which raises the total number to 94 species. All species records are given, the habitat of each species is described, if possible, and taxonomic notes are provided for some dubious species. Finally, elements are presented to support the assumption that the extant dolichopodid species richness of Croatia is at least three-to fourfold of the current number.
Introduction
With over 7,500 described species worldwide (Bickel 2009 ), long-legged flies (Diptera: Dolichopodidae) currently represent the fourth largest dipteran family, after Limoniidae, Tachinidae and Asilidae (Pape et al. 2009). The family consists of 17 subfamilies, including the basal Microphorinae and Parathalassiinae, and 15 other subfamilies generally referred to as Dolichopodidae s. str. (Pollet & Brooks 2008) . Although long-legged flies occur in nearly every terrestrial and semi-aquatic habitat type, most species prefer humid to moist conditions. As a result, the highest species richness and numbers are found in humid deciduous forests, carrs (swamps), marshes and on banks of various waterbodies . As many species exhibit a pronounced habitat affinity, the family as such serves well as bio-indicators in projects such as site quality assessments, particularly in humid biotopes (Pollet & Grootaert 1999; Pollet 2009 ). Apart from the plant mining larvae of Thrypticus Gerstäcker, 1864 (Dyte 1959) , both adults and larvae in general are predatory and feed on small invertebrates (Ulrich 2004 ).
In the frame of the Fauna Europaea project (https://fauna-eu.org/), the senior author in 2004 produced a first account of the known species richness and distribution of Dolichopodidae in Europe and in each of its countries. As expected, many countries in southern and southeastern Europe proved much poorly sampled than their more northern and northwestern neighbours. Tiny countries such as Liechtenstein, Vatican City or Monaco seemed to lack dolichopodid records entirely, whereas less than five species were recorded from islands such as Cyprus, Malta, Sardinia, and mainland countries like Andorra (Pollet & Pape 2002) . Even Portugal appeared totally neglected in this respect, with only 20 species on its national list (Ventura et al. 2002) . Information on the dolichopodid faunas of the countries that previously made up Yugoslavia (Bosnia and Herzegovina, Croatia, Kosovo, Macedonia, Montenegro, Serbia, and Slovenia) was also not certain. Indeed, most historical literature data referred to former Yugoslavia , with only a few exceptions that-in most cases-mentioned Dalmatia (part of present day Croatia) (e.g., Parent 1927 Parent , 1938 .
Very few recent papers have dealt with the faunas of one or more countries of former Yugoslavia. Pârvu (1997) recorded 20 species of NE Serbia, including 10 species new to this country and Grichanov (2016) examined 24 species of the same country, also adding 14 species not previously recorded from Serbia. Both papers were based on short field visits. Kechev & Ivanova (2015) presented the first checklist of Dolichopodidae of Croatia with 38 species, two of which were added by the authors themselves. More recently, a new species of Systenus was described from the latter country (Naglis 2017) , which raises the national species number to 39. Nevertheless, it is most obvious that the actual species richness in this fly family in Croatia is multifold of this number.
During the last two decades, the junior author carried out multiple dipterological surveys along rivers and springs across the Croatian territory. And though collecting was mainly focused on aquatic Empididae (Clinocerinae, Hemerodromiinae), over 400 specimens of Dolichopodidae were gathered during the field work. In the present paper, we present these results, provide an updated checklist of Dolichopodidae of Croatia with information on the habitat of each species, wherever possible, and discuss the current state of knowledge on this fly family in this country.
Material and methods
Most of the material was collected in emergence traps used by the junior author to investigate riverine invertebrate communities at Plitvice Lakes (e.g., Ivković et al. 2012) ( Fig. 1 ). During 2007-2008, 14 sites were studied, five of which were omitted from Ivković et al. (2012) as floating (not fixed) emergence traps were employed. In early January 2007, emergence traps were fixed to the river bed in the centre of the river, serviced monthly and were operational yearround for two years. In 2009-2010, the number of sites was reduced to four and from 2011-2014 further reduced to the following three: Spring of Bijela rijeka (site 10, see Table 1 ), Tufa barrier Labudovac (site 15), and Tufa barrier Kozjak-Milanovac (site 16). During these successive surveys, multiple environmental variables of the water were measured in order to explain the occurrence of invertebrate assemblages, and the effect of various microhabitats (characterized mainly by substrate and water velocity) on these communities was studied. In the first phase of this research project, aquatic dance flies (Diptera: Empididae s.l.) was the primary focus ( (Ivković & Pont 2016) . For more information about the sampling methodology, see the above mentioned papers. Other samples collected by aspirator and/or sweep net must be considered as bycatches gathered during field trips that were part of various projects. Yellow pan traps were used only sporadically and always during faunistic surveys, mostly as a demonstration of the collecting technique to students.
Both metadata on localities, locations, samplings sites and samples as well as species related information (identifications, Dolichopodid taxonomic backbone) were stored and/or retrieved from EURODOL, a private Microsoft Access database managed by the senior author. In this database, each of the sampling sites was assigned a macro-and microhabitat code. Macrohabitat is defined here as the larger habitat type (or sometimes landscape) where the samples were collected. Microhabitat refers to a finer environmental grid. For example, pan traps installed along the edge, in the centre and on the banks of a brook in a deciduous forest, produce three sampling sites with the same macrohabitat code (deciduous forest), and three different microhabitat codes (forest edge, deciduous forest, brookbank). These attributes facilitate analyses on the habitat preferences on at least two different levels. Furthermore, macrohabitats are grouped into macrohabitat types (e.g., forests, swamps, etc.), which adds a third level.
Dolichopodid samples were preserved in 70% ethanol solution. The names of taxa, present in this checklist reflect current nomenclature and classifications (Yang et al. 2006 ), unless otherwise mentioned. Table 1 includes an overview of the relevant information on the 36 sample localities, which are also shown in Figure 2 . Species records from the surveys described above are incorporated in the updated checklist. All samples were collected by the junior author. Most of the material resides in the private collection of the senior author (MAPC), and part of it in the personal collection of the junior author (col. M. Ivković, University of Zagreb, Croatia (UZC)). Specimens remain stored in 70% ethanol solution. (19) . Numbers between brackets refer to locality ID, see Table 1 . Abbreviations used in the text include: HR: ISO-code for Croatia, HR-n: code of Croatian county (n=1 to 21); ASP: aspirator; ET: emergence trap; MSSC: Male Secondary Sexual Character; SW: sweep net; YPT: yellow pan traps; ZMHB: Museum für Naturkunde, Berlin, Germany.
Results
General. During the above surveys, a total of 68 sampling sites in 36 different localities in the following seven Croatian counties were investigated (see Table 1 ): Ličko-senjska županija (HR-09), Požeško-slavonska županija (HR-11), Primorsko-goranska županija (HR-08), Šibensko-kninska županija (HR-15), Splitsko-dalmatinska županija (HR-17), Zadarska županija (HR-13) and Zagrebačka županija (HR-01). A total of 123 samples were gathered, with 77 retrieved from ETs, six from YPTs and the remaining 40 collected by ASP and/or SW. An overview of the sampling sites and samples per macro-and microhabitats in given in Table 2 . These samples yielded 420 specimens of Dolichopodidae, belonging to 64 different species (see Fig. 3 ) in 22 genera. Two specimens remained unidentified (one female each of Gymnopternus and Medetera). Twenty-eight species were collected as singletons and eight as doubletons, whereas only eight species were recorded with 10 or more specimens (see Table 3 ). Four species were considerably more numerous (> 45 specimens) in the samples than the other species and together accounted for 53.3% of the yields: Campsicnemus umbripennis Loew, 1856, Hercostomus chetifer (Walker, 1849), Liancalus virens (Scopoli, 1763) and Syntormon pallipes (Fabricius, 1794) . In terms of species richness, Dolichopodinae were clearly dominant (25 species), whereas Sympycinae were equally abundant (both 38.6%) and combined represented over 77% of the yields.
Habitat affinities. Of the eight species with 10 or more specimens, six were more numerous at rivers which is no surprise, considering the higher number of samples taken there (see Table 3 ). Two species, Syntormon pallipes and Hercostomus gracilis, were considerably more abundant at springs and only nine of the 64 species were collected at both rivers and springs. Dolichopodid yields in emergence traps were low with an average of 1.7 and 1.6 specimens per sample in rivers and springs, respectively. Twenty-three species were retrieved from ETs in riverbeds and 11 from ETs in springbeds which, again, is strongly biased by higher sampling effort in the riverbeds. At the river macrohabitat, 24 species were encountered on riverbanks and 30 species in the riverbed. Among species with 10 or more specimens over both river microhabitats, only Campsicnemus umbripennis appeared more numerous on the riverbanks. However, the single sample from the riverbed contained 17 specimens, whereas a large variation in numbers was observed in the three riverbank samples (25, 3 and 1 specimens).
Checklist of Dolichopodidae of Croatia
Of the 64 species collected in this study, only 10 were previously recorded from Croatia ( number of species of Croatia to 94. The identity of the species reported by Kechev & Ivanova (2015) could not be checked and are incorporated in the checklist as mentioned by these authors. In the present checklist, species are arranged alphabetically, with the subfamily indicated between brackets for each species. Species records referring to our surveys have the following format [locality ID, see Table 1 ]: number of males, number of females, sampling period/date, collecting method. Complete label data are given for the O. lacustre specimen. The distribution of all records (including those from the literature) from counties of Croatia is given in Table 4 . Wherever possible, information on the habitat of the species is also added as well as its distribution, in particular for species of special faunistic interest. This information is based on the private EURODOL Microsoft Access database of the senior author, literature and his expert judgement. 
Discussion
Dolichopodid yields from emergence traps as used here in rivers and springs might suggest that a considerable number of species (23 from riverbeds, 11 from springbeds) emerges from these habitats. However, this seems very unlikely, as e.g., not a single dolichopodid larva was found in the many macrozoobenthic samples examined by the junior author. The fact that even some mainly arboreal dolichopodid species (in Medetera and Sciapus) and terrestrial Empidinae were found in the ET samples supports this conclusion. Apparently, adult dolichopodid flies that are active near the river and fly close to the water surface are sometimes swept into the water and coincidently enter the emergence traps in this way. Their respective presence and abundance in the emergence traps does thus not imply a larval aquatic way of life but does indicate an adult preference for these habitat types.
As documented above, fairly long term surveys of only a few river and spring systems in Croatia produced 64 dolichopodid species, 54 of which proved new to Croatia. The current checklist of this country includes 94 species, but is this a reliable reflection of its extant dolichopodid fauna? We most certainly think it is not, based on the following elements:
1. Not a single survey has been conducted in Croatia that is entirely or mainly dedicated to Dolichopodidae. The before mentioned 64 species were only bycatches.
2. Neither Malaise nor pan traps, two of the most effective collecting techniques for flying insects and Diptera in particular, have been used extensively. Only six pan trap samples from five different sampling sites (yielding 18 species) were examined here, and apart from the Malaise trap operational at Gornji Muć (HR-19) (Naglis 2017), no information or samples are available from surveys in Croatia using these techniques. Nevertheless, they can contribute considerably to the knowledge on the dolichopodid fauna of a particular site. In this respect, since 1985, Malaise and pan trap surveys in Belgium produced between 60 (Pollet & Grootaert 1987) Table 4 ). In comparison: Belgian provinces hold between 96 (Waals-Brabant) and 246 species (Oost-Vlaanderen; Pollet, unpubl. data). Moreover, both Croatian counties, Ličko-senjska županija (HR-9) and Šibensko-kninska županija (HR-15), encompass coastal areas along the Adriatic Sea, parts of the Dinaric Alps (or Dinarides) (including the highest peaks in Croatia; i.e., Mountains Dinara and Velebit) and the transition zone between both biomes. It can thus be assumed that a large number of montane and strictly continental species have thus far been missed, especially as the Dinaric Alps are well known for their high level of endemism, especially in fresh water biota (Bănărescu 2004 ). 5. Only two habitat types, rivers and springs, have been investigated during our surveys which, moreover, were most focused on the riverbeds. Riverbeds are not among the most speciose microhabitats in terms of Dolichopodidae, which are predominantly terrestrial or semi-aquatic, contrary to many Empididae (Ivković et al. 2007 . More promising habitat types like salt marshes, peat bogs, pond banks, marshes, swamps and humid woodlands are still largely unexplored.
6. The country′s potential, nevertheless, is high as proves the current dolichopodid list of Dubrovačko-neretvanska županija (HR-19) (see Table 4 ) which both includes species of littoral habitats (rocks, salt marshes), dry sandy habitats and rocky outcrops.
7.
A comparison of the current Croatian checklist with those of some neighbouring countries ( It is not easy to make an estimate of the extant dolichopodid species richness of Croatia on the basis of the current data and the above mentioned considerations. Taking only into account the surface area of the best sampled countries (Hungary, Austria) suggests that Croatia might house between 170 and 240 species. Adding the presence of Mediterranean biotopes in Croatia, the long and varied Croatian coastline, the large number of islands in the Adriatic Sea (biomes that are absent in both Austria and Hungary), together with a large number of National Parks and unique rivers systems (e.g., Plitvice Lakes) rather justifies a number between 350 and 400.
In summary, there still remains a lot to be discovered about the Croatian dolichopodid fauna. Like other invertebrate taxa such as spiders and carabid beetles, dolichopidid flies represent an important predator fraction of invertebrate faunas of most-in particular humid-terrestrial habitats. In this way, they are a substantial element of the local biodiversity which is relevant in defining and assessing the conservation status of habitats. On the other hand, they also have an important role in the ecosystem service ′pest control′ as they feed on other small invertebrates and species in Medetera Fischer von Waldheim, 1819 are even well-known antagonists of bark beetles (e.g., Nuorteva 1956; Kerchev & Negrobov 2012) . In order to gather information quick wins can be easily made by the use of Malaise or pan traps in promising habitat types. But also residue samples from surveys focused on other insects often contain valuable material, as has been proven in our surveys. A residue sample depository that discloses this material to researchers therefore is an approach worth considering. 
